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®  Process  for  preparing  5-amino-1  ,2,3-thiadiazoles. 

There  is  provided  a  process  for  preparing  a  5-amino- 
-1,2,3-thiadiazole  represented  by  the  formula 

wherein  R  represents  a  hydrogen  atom,  a  lower  alkyl  group 
or  an  aryl  group, 
characterized  in  that  a  diazoacetonitrile  represented  by  the 
formula 

wherein  R  has  the same  meaning  as  defined  above, 
is  brought  into  contact  with  hydrogen  sulfide  in  the  pre- 
sence  of  a  base  or  with  a  salt  of  hydrogen  sulfide,  in  a  sol- 
vent. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  n o v e l   p r o c e s s   f o r   p r e p a r i n g  

5 - a m i n o - l , 2 , 3 - t h i a d i a z o l e s .  

5 - A m i n o - l , 2 , 3 - t h i a d i a z o l e s   h a v e   b e e n   u t i l i z e d   as  r a w  

m a t e r i a l s   f o r   p h a r m a c e u t i c a l s ,   a g r i c u l t u r a l   c h e m i c a l s  

and  t h e   l i k e .  

C o n v e n t i o n a l l y ,   t h e r e   h a v e   b e e n   p r o p o s e d ,   as  t h e   m e t h o d s  

f o r   p r e p a r i n g   5 - a m i n o - l , 2 , 3 - t h i a d i a z o l e s ,   a  m e t h o d   i n  

w h i c h   c h l o r o a l d e h y d e   e t h o x y c a r b o n y l h y d r a z i n e   i s   s u b j e c t e d  

to  r e a c t i o n   w i t h   t h i o n y l   c h l o r i d e   f o l l o w e d   by  a m i n a t i o n  

of  t h e   r e s u l t i n g   r e a c t i o n   p r o d u c t   (German   O f f e n l e g u n g s -  

s c h r i f t   No.  P26  36  9 9 4 ) ;   a  m e t h o d   in  w h i c h   a c e t y l   i s o -  

t h i o c y a n a t e   i s   s u b j e c t e d   to   r e a c t i o n   w i t h   d i a z o m e t h a n e  

[Chem.  B e r .   99,  1 6 1 8 - 3 1   ( 1 9 6 6 ) ] ;   and  so  o n .  

H o w e v e r ,   t h e s e   c o n v e n t i o n a l   m e t h o d s   h a v e   p r o b l e m s   i n  

t h a t   t h e   s t a r t i n g   m a t e r i a l s   a r e   e x p e n s i v e   and  t e d i o u s  

p r o c e s s e s   a r e   r e q u i r e d   f o r   p r e p a r i n g   t h e   s t a r t i n g  

m a t e r i a l s ,   and  h e n c e   a r e   n o t   n e c e s s a r i l y   a d v a n t a g e o u s  

f rom  t h e   e c o n o m i c a l   s t a n d p o i n t .  

As  a  r e s u l t   of  e x t e n s i v e   s t u d i e s   to   e s t a b l i s h   an  i n d u -  

s t r i a l l y   a d v a n t a g e o u s   p r o c e s s   f o r   p r e p a r i n g   5 - a m i n o -  

1 , 2 , 3 - t h i a d i a z o l e s ,   t h e   p r e s e n t   i n v e n t o r s   h a v e   f o u n d  

t h a t   5 - a m i n o - 1 , 2 , 3 - t h i a d i a z o l e s   can  be  p r e p a r e d  



i n d u s t r i a l l y   by  b r i n g i n g   a  d i a z o a c e t o n i t r i l e   i n t o   c o n t a c t  

w i t h   h y d r o g e n   s u l f i d e   in   t h e   p r e s e n c e   of   a  b a s e  o r   w i t h   a  
s a l t   of  h y d r o g e n   s u l f i d e ,   in   a  s o l v e n t ,   and  a c c o m p l i s h e d  
t h i s   i n v e n t i o n .  

The  r e a c t i o n   a c c o r d i n g   to   t h i s   i n v e n t i o n   p r o c e e d s   i n  

a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   e q u a t i o n .  

w h e r e i n   R  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  l o w e r  

a l k y l   g r o u p   or  an  a r y l   g r o u p .  

The  l o w e r   a l k y l   g r o u p   r e p r e s e n t e d   by  R  in   t h e   a b o v e  

e q u a t i o n   i n c l u d e s   an  a l k y l   g r o u p   h a v i n g   1  to   6  c a r b o n  

a t o m s   s u c h   as  m e t h y l ,   e t h y l ,   p r o p y l ,   b u t y l ,   p e n t y l   a n d  

h e x y l .  

The  a r y l   g r o u p   r e p r e s e n t e d   by  R  in   t h e   a b o v e   e q u a t i o n  

i n c l u d e s   p h e n y l ,   p - t o l y l ,   p - e t h y l p h e n y l   and  n a p h t h y l .  

The  r e a c t i o n   can   be  c a r r i e d   o u t   by  a  s i m p l e   p r o c e d u r e ,  

f o r   e x a m p l e ,   by  d i s s o l v i n g   a  d i a z o a c e t o n i t r i l e   in   a  

s o l v e n t   and  b l o w i n g   h y d r o g e n   s u l f i d e   i n t o   t h e   s o l u t i o n  

in   t h e   p r e s e n c e   of  a  b a s e   or   i n t r o d u c i n g   a  s a l t   o f  

h y d r o g e n   s u l f i d e   i n t o   t h e   s o l u t i o n .  

The  d i a z o a c e t o n i t r i l e s   w h i c h   a r e   t h e   s t a r t i n g   m a t e r i a l s  

in   t h i s   i n v e n t i o n   a r e   s u b s t a n c e s   b e i n g   d i f f i c u l t   to   b e  

h a n d l e d   b e c a u s e   of  t h e i r   e x p l o s i v e n e s s   or   i n s t a b i l i t y .  

H o w e v e r ,   t h e s e   s u b s t a n c e s   a r e   e n t i r e l y   s a f e   in   s u c h   a  

s o l v e n t   as  e t h e r ,   m e t h y l e n e   c h l o r i d e ,   e t c .  

The  d i a z o a c e t o n i t r i l e s   can   e a s i l y   be  p r e p a r e d   a n d  

o b t a i n e d   by  s u b j e c t i n g   an  a m i n o a c e t o n i t r i l e   to   r e a c t i o n  

w i t h   s o d i u m   n i t r i t e ,   f o l l o w e d   by  e x t r a c t i o n   w i t h   e t h e r ,  



methylene   c h l o r i d e ,   e tc .   The  s o l v e n t s   u s e d   h e r e i n   a r e   a l s o  

s u i t a b l e   as  t h e   s o l v e n t s   f o r   t h e   r e a c t i o n   a c c o r d i n g   t o  

t h i s   i n v e n t i o n .   A c c o r d i n g l y ,   in   t h e   p r e s e n t   i n v e n t i o n ,  

t h e   t h u s   o b t a i n e d   d i a z o a c e t o n i t r i l e   a r e   u s e d   in   s i t u  

in  a  s o l u t i o n   w i t h o u t   b e i n g   i s o l a t e d   so  t h a t   t h e r e   i s  

no  d i s a d v a n t a g e   s u c h   as  d a n g e r o u s n e s s   or  d i f f i c u l t y   i n  

h a n d l i n g .  

The  a m i n o a c e t o n i t r i l e s   a r e   p r e c u r s o r s   f o r   g l y c i n e ,  
w h i c h   i s   c o m m e r c i a l l y   a v a i l a b l e   in   l a r g e   a m o u n t ,   i s  

i n e x p e n s i v e   and  can  e a s i l y   be  a v a i l a b l e .   A c c o r d i n g l y ,  

t h e   p r o c e s s   a c c o r d i n g   to   t h i s   i n v e n t i o n   has   a l s o  

a d v a n t a g e s   in   t h a t   t h e   s t a r t i n g   m a t e r i a l s   a r e   l e s s  

e x p e n s i v e   and  t h a t   t h e   m e t h o d   f o r   p r e p a r i n g   t h e   s t a r t -  

ing   m a t e r i a l   i s   more   s i m p l e   as  c o m p a r e d   w i t h   t h e   k n o w n  

p r o c e s s e s .  

As  t h e   s o l v e n t   to   be  u s e d   in  t h e   p r e s e n t   i n v e n t i o n ,  

any  s o l v e n t   can   be  u s e f u l   as  l o n g   as  i t   i s   i n e r t   i n  

t h e   r e a c t i o n   and  can  d i s s o l v e   t h e   d i a z o a c e t o n i t r i l e .  

For   e x a m p l e ,   t h e r e   may  be  m e n t i o n e d   an  a l i p h a t i c  

h y d r o c a r b o n   s u c h   as  n - h e x a n e ,   n - h e p t a n e ,   e t c . ;   a n  

a l i c y c l i c   h y d r o c a r b o n   s u c h   as  c y c l o h e x a n e   e t c . ;  

a  h a l o g e n a t e d   h y d r o c a r b o n   s u c h   as  c h l o r o f o r m ,   m e t h y l e n e  

c h l o r i d e ,   c a r b o n   t e t r a c h l o r i d e ,   t r i c h l o r o e t h y l e n e ,   1 , 2 -  

d i c h l o r o e t h y l e n e ,   1 , 2 - d i c h l o r o e t h a n e ,   e t c . ;   an  e t h e r  

s u c h   as  d i e t h y l   e t h e r ,   d i o x a n e ,   m e t h y l   c e l l o s o l v e ,  

e t h y l   c e l l o s o l v e ,   e t c . ;   an  a l c o h o l   s u c h   as  m e t h a n o l ,  

e t h a n o l ,   e t c . ;   and  w a t e r .   T h e s e   s o l v e n t s   may  u s u a l l y  

be  u s e d   alone  and  may  a l s o   be  u s e d   in   c o m b i n a t i o n .  

I n d u s t r i a l l y   h o w e v e r ,   t h e r e   may  a d v a n t a g e o u s l y   b e  

e m p l o y e d   t h e   s o l v e n t   s u c h   a  s o l v e n t   as  m e t h y l e n e  

c h l o r i d e ,   e t h e r ,   c h l o r o f o r m   or  n - h e x a n e   w h i c h   a r e   u s e d  

f o r   t h e   e x t r a c t i o n   when  a  d i a z o a c e t o n i t r i l e   i s  

s y n t h e s i z e d .  

In  c a s e s   w h e r e   h y d r o g e n   s u l f i d e   i s   u s e d ,   a  b a s e   m u s t  



be  u s e d   in   c o m b i n a t i o n   t h e r e w i t h .  

As  t h e   b a s e   to   be  u s e d   in   t h i s   i n v e n t i o n ,   t h e r e   m a y  
be  e m p l o y e d   e i t h e r   o r g a n i c   o r   i n o r g a n i c   b a s e .  

As  t h e   o r g a n i c   b a s e s ,   t h e r e   may  be  e f f e c t i v e l y  

e m p l o y e d   an  a m i n e   s e r i e s   c o m p o u n d s ,   f o r   e x a m p l e ,  

m e t h y l   a m i n e ,   e t h y l   a m i n e ,   n - p r o p y l   a m i n e ,   i s o p r o p y l  

a m i n e ,   n - b u t y l   a m i n e ,   d i m e t h y l   a m i n e ,   d i e t h y l   a m i n e ,  

t r i m e t h y l   a m i n e ,   t r i e t h y l   a m i n e ,   t r i b u t y l   a m i n e ,  

a l l y l   a m i n e ,   a - e t h o x y e t h y l   a m i n e ,   p y r i d i n e ,   e t h y l e n e -  

d i a m i n e ,   h e x a m e t h y l e n e d i a m i n e ,   h e x a m e t h y l e n e i m i n e ,  

h e x a m e t h y l e n e t e t r a m i n e ,   h y d r o x y l   a m i n e   and  t h e   l i k e .  

The  a m o u n t   of   t h e   o r g a n i c   b a s e   to   be   e m p l o y e d   i s   n o t  

l e s s   t h a n   0 . 1   m o l e ,   p r e f e r a b l y   0 .5   to   5  m o l e s ,   p e r  

one  mo le   of  t h e  s t a r t i n g   d i a z o a c e t o n i t r i l e .  

As  t h e   i n o r g a n i c   b a s e ,   t h e r e   may  e f f e c t i v e l y   b e  

e m p l o y e d   an  a l k a l i   m e t a l   h y d r o x i d e   s u c h   as  s o d i u m  

h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e ,   e t c . ;   an  a l k a l i n e  

e a r t h   m e t a l   h y d r o x i d e   s u c h   as  c a l c i u m   h y d r o x i d e ,  

b a r i u m   h y d r o x i d e ,   e t c . ;   an  a l k a l i   m e t a l   c a r b o n a t e  

s u c h   as  s o d i u m   c a r b o n a t e ,   p o t a s s i u m   c a r b o n a t e ,   e t c . ;  

an  a l k o x i d e   s u c h   as  s o d i u m   m e t h o x i d e ,   s o d i u m   e t h o x i d e ,  

e t c . ;   a  m e t a l   a m i d e   s u c h   as  s o d i u m   a m i d e ,   p o t a s s i u m  

a m i d e ,   e t c . ;   a m m o n i a ;   h y d r a z i n e ;   and  so  on.   I t   i s  

d e s i r a b l e   to   d i s s o l v e   t h e s e   i n o r g a n i c   b a s e s   in   s o l -  

v e n t s   as  m e n t i o n e d   a b o v e   b e f o r e   u s e .   In  v i e w   of   t h e  

y i e l d   of  t h e   d e s i r e d   p r o d u c t   as  w e l l   as  e c o n o m y ,  
t h e s e   i n o r g a n i c   b a s e s   may  be  u s e d   in   an  a m o u n t   o f  

0 . 0 5   gram  e q u i v a l e n t   or   m o r e ,   p r e f e r a b l y   in   t h e   r a n g e  

f r o m   0 . 1   to   0 . 5   g ram  e q u i v a l e n t ,   p e r   mo le   of   t h e  

s t a r t i n g   d i a z o a c e t o n i t r i l e s .  

In   c a s e s   w h e r e   h y d r o g e n   s u l f i d e   i s   u s e d ,   h y d r o g e n  

s u l f i d e   i s   b l o w n   i n t o   t h e   s y s t e m   t h u s   m a i n t a i n e d   o v e r  



0 . 1   to   2  h o u r s   so  t h a t   t h e   a m o u n t   may  be  s u b s t a n t i a l l y  

e q u i m o l a r   to  t h a t   of  t h e   d i a z o a c e t o n i t r i l e .  

In  t h e   p r e s e n t   i n v e n t i o n ,   5 - a m i n o - l , 2 , 3 - t h i a d i a z o l e s  

may  a l s o   be  o b t a i n e d   by  c o n t a c t i n g   a  d i a z o a c e t o -  

n i t r i l e   w i t h   a  s a l t   of  h y d r o g e n   s u l f i d e .   As  t h e  

s a l t   of  h y d r o g e n   s u l f i d e   to   be  u s e d   in   t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   may  be  m e n t i o n e d   e i t h e r   an  o r g a n i c  
s a l t   or  an  i n o r g a n i c   s a l t .  

As  t h e   o r g a n i c   s a l t   of  h y d r o g e n   s u l f i d e ,   t h e r e   m a y  

e f f e c t i v e l y   be  u s e d   a  s a l t   b e t w e e n   h y d r o g e n   s u l f i d e  

and  an  a m i n e   t y p e   o r g a n i c   b a s e   s u c h   as  m e t h y l   a m i n e ,  

e t h y l   a m i n e ,   n - p r o p y l   a m i n e ,   i s o p r o p y l   a m i n e ,   n - b u t y l  

a m i n e ,   d i m e t h y l   a m i n e ,   d i e t h y l   a m i n e ,   t r i m e t h y l  

a m i n e ,   t r i e t h y l   a m i n e ,   t r i b u t y l   a m i n e ,   a l l y l   a m i n e ,  

2 - e t h o x y e t h y l   a m i n e ,   p y r i d i n e ,   e t h y l e n e   d i a m i n e ,  

h e x a m e t h y l e n e   d i a m i n e ,   h e x a m e t h y l e n e   i m i n e ,   h e x a -  

m e t h y l e n e   t e t r a m i n e ,   h y d r o x y l   a m i n e ,   e t c .   T h e s e  

o r g a n i c   s a l t s   of  h y d r o g e n   s u l f i d e   may  r e a d i l y   b e  

p r e p a r e d   by  b l o w i n g   h y d r o g e n   s u l f i d e   gas   i n t o   a  

s o l u t i o n   h a v i n g   d i s s o l v e d   t h e   o r g a n i c   b a s e   in   t h e  

a f o r e s a i d   s o l v e n t   in  an  a m o u n t   s u b s t a n t i a l l y   e q u i m o l a r  

to  s a i d   o r g a n i c   b a s e .   I t   i s   g e n e r a l l y   p r e f e r r e d   t o  

p r o v i d e   t h e   t h u s   p r e p a r e d   s o l u t i o n   f o r   t h e   r e a c t i o n .  

As  t h e   i n o r g a n i c   s a l t   of  h y d r o g e n   s u l f i d e ,   t h e r e   m a y  

e f f e c t i v e l y   be  u s e d   a l k a l i   m e t a l   s a l t s ,   a l k a l i n e  

e a r t h   m e t a l   s a l t s   and  ammonium  s a l t s   of  h y d r o g e n  

s u l f i d e .   T y p i c a l   e x a m p l e s   i n c l u d e   s o d i u m   s u l f i d e ,  

s o d i u m   h y d r o g e n   s u l f i d e ,   p o t a s s i u m   s u l f i d e ,   p o t a s s i u m  

h y d r o g e n   s u l f i d e ,   c a l c i u m   s u l f i d e ,   c a l c i u m   h y d r o g e n  

s u l f i d e ,   m a g n e s i u m   s u l f i d e ,   m a g n e s i u m   h y d r o g e n   s u l f i d e ,  

ammonium  s u l f i d e   and  ammonium  h y d r o g e n   s u l f i d e .   S u c h  

an  i n o r g a n i c   s a l t   of  h y d r o g e n   s u l f i d e   may  d e s i r a b l y   b e  
d i s s o l v e d   in  a  s m a l l   a m o u n t   of  w a t e r   or  an  a l c o h o l  

b e f o r e   b e i n g   p r o v i d e d   f o r   t h e   r e a c t i o n .  



I t   i s   d e s i r a b l e   to   use   a  s a l t   of   h y d r o g e n   s u l f i d e   i n  
an  a m o u n t   of  one  mo le   or   m o r e ,   p r e f e r a b l y   1 . 1   to   1 . 5  

m o l e ,   p e r   mole   of   t h e   s t a r t i n g   d i a z o a c e t o n i t r i l e ,   i n  
v i e w   of   t h e   y i e l d   of  t h e   d e s i r e d   p r o d u c t   as  w e l l   a s  

e c o n o m y .  

The  c o n t a c t   i s   c a r r i e d   o u t   u n d e r   o r d i n a r y   p r e s s u r e   a t  

a  r e l a t i v e l y   low  t e m p e r a t u r e ,   i . e . ,   b e l o w   20°  C .  

p r e f e r a b l y   a t   a  t e m p e r a t u r e   of   -5  to   15°  C . ,   s i n c e  

t h e   s t a r t i n g   d i a z o a c e t o n i t r i l e   i s   l i a b l e   to   b e  

d e c o m p o s e d   a t   a  h i g h e r   t e m p e r a t u r e .  

A f t e r   c o m p l e t i o n   of   t h e   c o n t a c t ,   t h e   d e s i r e d   5 - a m i n o -  

1 , 2 , 3 - t h i a d i a z o l e   p a r t i a l l y   p r e c i p i t a t e s ,   w h i c h   i s  

c o l l e c t e d   by  f i l t r a t i o n .   The  r e s u l t i n g   f i l t r a t e   i s  

c o n c e n t r a t e d   to   p r e c i p i t a t e   t h e   r e m a i n i n g   d e s i r e d  

p r o d u c t   f rom  t h e   m o t h e r   l i q u o r .  

N e x t ,   E x a m p l e s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

i l l u s t r a t e d   b e l o w .  

E x a m p l e   1 .  

In  a  r e a c t o r   was  p l a c e d   300  g.  of  a  s o l u t i o n   of   0 . 0 7  

m o l e   of  d i a z o a c e t o n i t r i l e   in  m e t h y l e n e   c h l o r i d e ,   a n d  

t h e   m i x t u r e   was  m a i n t a i n e d   a t   a r o u n d   3°  C.  a n d  

s t i r r e d .   A f t e r   15  g.  of  t r i e t h y l   a m i n e   was  a d d e d  

d r o p w i s e   t h e r e t o   o v e r   5  m i n u t e s ,   h y d r o g e n   s u l f i d e   g a s  

was  b l o w n   t h e r e t o   o v e r   30  m i n u t e s   a t   a  r a t e   of  52  m t /  

m i n .   S e v e n   m i n u t e s   a f t e r   s t a r t i n g   of  t h e   b l o w i n g   o f  

h y d r o g e n   s u l f i d e   g a s ,   c r y s t a l s   of  t h e   d e s i r e d   p r o d u c t  

b e g a n   to   p r e c i p i t a t e .   A f t e r   b l o w i n g   of   t h e   h y d r o g e n  

s u l f i d e   g a s ,   t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   1 5  

m i n u t e s   and  3 .2   g.  of  t h e   p r e c i p i t a t e d   p r o d u c t   w a s  

c o l l e c t e d   by  f i l t r a t i o n .   S u b s e q u e n t l y ,   t h e   f i l t r a t e  

was  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   a t   a  t e m -  

p e r a t u r e   of   b e l o w   10°  C.  to   g i v e   1 . 4   g.  of  c r y s t a l s  



of  t h e   d e s i r e d   p r o d u c t .  

E x a m p l e s   2  to   1 0 .  

E x p e r i m e n t s   w e r e   run   in  t h e   same  m a n n e r   as  in  E x a m p l e  

1  e x c e p t   t h a t   t h e   s t a r t i n g   m a t e r i a l s ,   s o l v e n t s ,  

b a s e s   and  t h e   u s e d   a m o u n t s   t h e r e o f   w e r e   c h a n g e d   t o  

t h o s e   as  shown  in  t h e   f o l l o w i n g   T a b l e   1.  The  r e s u l t s  

a r e   a l s o   shown  in  T a b l e   1 .  



E x a m p l e   1 1 .  

In  a  r e a c t o r   w e r e   p l a c e d   200  g.  of  a  s o l u t i o n   of  0 . 0 7 7  

m o l e   of  d i a z o a c e t o n i t r i l e   in   m e t h y l e n e   c h l o r i d e   and  80  m l .  



o f   n - h e x a n e ,   and  t h e   m i x t u r e   was  m a i n t a i n e d   a t   a r o u n d  

0°  C.  and  s t i r r e d .   A f t e r   15  g.  of  t r i e t h y l   a m i n e   w a s  
a d d e d   d r o p w i s e   t h e r e i n t o   o v e r   15  m i n u t e s ,   h y d r o g e n  
s u l f i d e   gas   was  b l o w n   t h e r e i n t o   o v e r   30  m i n u t e s   a t   a  

r a t e   of  52  m i / m i n . ,   f o l l o w e d   by  f i l t r a t i o n   and  c o n -  

c e n t r a t i o n ,   g i v i n g   5 .3   g.  of  5 - a m i n o - 1 , 2 , 3 - t h i a d i a z o l e .  

E x a m p l e   1 2 .  

In  a  r e a c t o r   w e r e   p l a c e d   200  g.  of  a  s o l u t i o n   of  0 . 0 8 3  

mole   of  d i a z o a c e t o n i t r i l e   in  m e t h y l e n e   c h l o r i d e   and  80 

mi.   of  n - h e x a n e ,   and  t h e   m i x t u r e   was  m a i n t a i n e d   a t   a r o u n d  

5°  C.  and  s t i r r e d ,   f o l l o w e d   by  d r o p w i s e   a d d i t i o n   t h e r e -  

to  of  7  g.  of  t r i e t h y l   a m i n e   o v e r   5  m i n u t e s .   S u b -  

s e q u e n t l y ,   h y d r o g e n   s u l f i d e   gas   was  b l o w n   t h e r e i n t o  

o v e r   30  m i n u t e s   a t   a  r a t e   of  28  m i / m i n . ,   f o l l o w e d   b y  

f i l t r a t i o n   and  c o n c e n t r a t i o n ,   g i v i n g   6 .2   g.  of  5 - a m i n o -  

1 , 2 , 3 - t h i a d i a z o l e .  

E x a m p l e   1 3 .  

In  a  r e a c t o r   w e r e   p l a c e d   300  g.  of  a  s o l u t i o n   of  0 . 0 8  

mole   of  d i a z o a c e t o n i t r i l e   in  m e t h y l e n e   c h l o r i d e   and  9  g .  
of  d i e t h y l   a m i n e ,   and  t he   m i x t u r e   was  m a i n t a i n e d   a t   a r o u n d  

3°  C.  and  s t i r r e d .   A f t e r   h y d r o g e n   s u l f i d e   gas   was  b l o w n  

t h e r e i n t o   o v e r   45  m i n u t e s   a t   a  r a t e   of  52  m l / m i n . ,   f o l l o w e d  

by  f i l t r a t i o n   and  c o n c e n t r a t i o n ,   g i v i n g   4 .5   g.  of  5 - a m i n o -  

1 , 2 , 3 - t h i a d i a z o l e .  

E x a m p l e   1 4 .  

In  a  r e a c t o r   was  p l a c e d   200  ml.   of  a  s o l u t i o n   of  0 . 0 7  

mole   of  d i a z o a c e t o n i t r i l e   in  e t h a n o l ,   and  t h e   r e s u l t i n g  

s o l u t i o n   was  m a i n t a i n e d   a t   a r o u n d   -3°   C.  and  s t i r r e d .  

To  t h e   s t i r r e d   s o l u t i o n   was  a d d e d   d r o p w i s e   100  ml.   o f  

a  s o l u t i o n   of  0 . 0 7   mo le   of  a n h y d r o u s   s o d i u m   h y d r o s u l f i d e  

in  e t h a n o l   o v e r   30  m i n u t e s ,   f o l l o w e d   by  s t i r r i n g   a t   t h e  



same  t e m p e r a t u r e   f o r   15  m i n u t e s .   As  t h e   r e s u l t ,   3 .9   g .  
of  5 - a m i n o - l , 2 , 3 - t h i a d i a z o l e   was  o b t a i n e d .  

E x a m p l e   1 5 .  

In  a  r e a c t o r   was  p l a c e d   250  ml.   of  a  s o l u t i o n   of  0 . 0 7  

m o l e   of   d i a z o a c e t o n i t r i l e   in   m e t h y l   a l c o h o l ,   and  t h e  

r e s u l t i n g   s o l u t i o n   was  m a i n t a i n e d   a t   a r o u n d   -3°   C.  a n d  

s t i r r e d .   To  t h e   s t i r r e d   s o l u t i o n   was  a d d e d   d r o p w i s e  

20  ml .   of   a  s o l u t i o n   of   0 . 0 1 5   mo le   of  s o d i u m   m e t h o x i d e  

in  m e t h y l   a l c o h o l   o v e r   5  m i n u t e s .   A f t e r   h y d r o g e n  

s u l f i d e   gas   was  b l o w n   t h e r e i n t o   o v e r   30  m i n u t e s   a t   a  

r a t e   of   50  m l / m i n . ,   t h e   r e a c t i o n   m i x t u r e   was  f u r t h e r  

s t i r r e d   a t   t h e   same  t e m p e r a t u r e   f o r   15  m i n u t e s .  

As  t h e   r e s u l t ,   2 .9   g.  of  5 - a m i n o - l , 2 , 3 - t h i a d i a z o l e  

was  o b t a i n e d .  

E x a m p l e   1 6 .  

In   a  r e a c t o r   was  p l a c e d  1 0 0   ml.   of  a  s o l u t i o n   of   0 . 0 5  

mole   of  d i a z o a c e t o n i t r i l e   in  m e t h y l e n e   c h l o r i d e ,   a n d  

t h e   m i x t u r e   was  m a i n t a i n e d   a t   - 7 °   C.  and  s t i r r e d .   T o  

t h e   s t i r r e d   s o l u t i o n   was  a d d e d   d r o p w i s e   100  ml.   of  a  

5 0 % - e t h a n o l i c   s o l u t i o n   of  3 . 9 0   g.  ( 0 . 0 5   m o l e )   of  a n -  

h y d r o u s   s o d i u m   s u l f i d e   (Na2S)  o v e r   30.  m i n u t e s ,   a n d  

t h e n   t h e   r e s u l t i n g   m i x t u r e   was  f u r t h e r   s t i r r e d   a t   t h e  

same  t e m p e r a t u r e   f o r   15  m i n u t e s .   As  t h e   r e s u l t ,  

2 .4   g.  of   5 - a m i n o - l , 2 , 3 - t h i a d i a z o l e   was  o b t a i n e d .  



E x a m p l e   1 7 .  

In  a  r e a c t o r   was  p l a c e d   a  s o l u t i o n   of  4 .7   g.  ( 0 . 0 7  

mole )   of  d i a z o a c e t o n i t r i l e   in  250  mi.   of  m e t h y l  

a l c o h o l .   W h i l e   t h e   s o l u t i o n   was  m a i n t a i n e d   a t   -3°   C .  

u n d e r   s t i r r i n g ,   t h e r e   was  a d d e d   d r o p w i s e   a  s o l u t i o n  

of  0 .8   g.  ( 0 . 0 1 5   gram  e q u i v a l e n t )   of  s o d i u m   m e t h o x i d e  

in  20  ml.   of  m e t h y l   a l c o h o l   o v e r   5  m i n u t e s .   A f t e r  

h y d r o g e n   s u l f i d e   gas   was  b l o w n   t h e r e i n t o   o v e r   30 

m i n u t e s   a t   a  r a t e   of  50  m i / m i n . ,   t h e   r e a c t i o n   m i x t u r e  

was  f u r t h e r   s t i r r e d   f o r   15  m i n u t e s .  

The  r e a c t i o n   p r o d u c t   was  s u b j e c t e d   to  f i l t r a t i o n ,  

c o n c e n t r a t i o n   and  e x t r a c t i o n   to  o b t a i n   4 .3   g.  of  5 -  

a m i n o - 1 , 2 , 3 - t h i a d i a z o l e .  

E x a m p l e s   1 8  -   2 4 .  

E x p e r i m e n t s   w e r e   run   in  t h e   same  m a n n e r   as  in   E x a m p l e  

17,  e x c e p t   t h a t   t h e   s t a r t i n g   m a t e r i a l ,   t h e   s o l v e n t ,  

t h e   i n o r g a n i c   b a s e s ,   t h e   a m o u n t s   t h e r e o f   and  t h e  

r e a c t i o n   t e m p e r a t u r e   w e r e   c h a n g e d   to   t h o s e   as  s h o w n  

in  t he   f o l l o w i n g   T a b l e   2.  The  r e s u l t s   a r e   a l s o   s h o w n  

in  T a b l e   2 .  







E x a m p l e   2 5 .  

In  a  r e a c t o r   was  p l a c e d   a  s o l u t i o n   of   4 . 7   g.  ( 0 . 0 7  

mole )   of   d i a z o a c e t o n i t r i l e   in   250  mi .   of  d i o x a n e .  

W h i l e   t h e   s o l u t i o n   was  m a i n t a i n e d   a t   0°  C.  u n d e r  

s t i r r i n g ,   t h e r e   was  a d d e d   a  s o l u t i o n   of  0 . 8 4   g.  ( 0 . 0 2  

mole )   of  s o d i u m   h y d r o x i d e   in   5  mi.   of  w a t e r .   A f t e r  

h y d r o g e n   s u l f i d e   gas   was  b l o w n   t h e r e i n t o   o v e r   30 

m i n u t e s   a t   a  r a t e   of   50  m l / m i n . ,   t h e   r e a c t i o n   m i x t u r e  

was  f u r t h e r   s t i r r e d   f o r   15  m i n u t e s .  

The  r e a c t i o n   p r o d u c t   was  s u b j e c t e d   to  f i l t r a t i o n ,  

c o n c e n t r a t i o n   and  e x t r a c t i o n   to  o b t a i n   3 .7   g.  of  5 -  

a m i n o - l , 2 , 3 - t h i a d i a z o l e .  

E x a m p l e s   2 6  -   3 3 .  

I n t o   s o l u t i o n s   of  v a r i o u s   o r g a n i c   b a s e s   d i s s o l v e d   i n  

p r e d e t e r m i n e d   a m o u n t s   in   50  ml .   of  v a r i o u s   s o l v e n t s  

w e r e   b l o w n   h y d r o g e n   s u l f i d e   gas   in   a m o u n t s   s u b s t a n -  

t i a l l y   e q u i m o l a r   to   s a i d   o r g a n i c   b a s e s   to   p r e p a r e  
s o l u t i o n s   of  v a r i o u s   h y d r o g e n   s u l f i d e   s a l t s .  

A  s o l u t i o n   of  4 . 7   g.  ( 0 . 0 7   mo le )   of  d i a z o a c e t o n i t r i l e  

in   200  ml.   of  m e t h y l e n e   c h l o r i d e   was  p l a c e d   in   a  

r e a c t o r .   W h i l e   t h e   s o l u t i o n   was  m a i n t a i n e d   a t   a r o u n d  

- 3 °   C.  u n d e r   s t i r r i n g ,   t h e r e   was  a d d e d   d r o p w i s e   e a c h  

h y d r o g e n   s u l f i d e   s a l t   s o l u t i o n   as  p r e p a r e d   a b o v e   o v e r  

30  m i n u t e s .   The  r e a c t i o n   m i x t u r e   was  f u r t h e r   s t i r r e d  

f o r   10  m i n u t e s .  

The  r e a c t i o n   p r o d u c t   was  s u b j e c t e d   to   f i l t r a t i o n ,  

c o n d e n s a t i o n   and  e x t r a c t i o n   to   o b t a i n   5 - a m i n o - 1 , 2 , 3 -  

t h i a d i a z o l e .  

The  s o l v e n t s ,   t h e   o r g a n i c   b a s e s ,   t h e   a m o u n t s   t h e r e o f  

u s e d   in   t h e   p r e p a r a t i o n   of  t h e   h y d r o g e n   s u l f i d e   s a l t  



s o l u t i o n   a r e   shown  in   t h e   f o l l o w i n g   T a b l e   3.  T h e  

y i e l d s   of  5 - a m i n o - 1 , 2 , 3 - t h i a d i a z o l e   a r e   a l s o   s h o w n  

in  T a b l e   3 .  



E x a m p l e   3 4 .  

An  e x p e r i m e n t   was  run   i n   t h e   same  m a n n e r   as  i n  

E x a m p l e   26,  e x c e p t   t h a t   6 .6   g.  ( 0 . 0 7   m o l e )   o f  

e t h y l d i a z o a c e t o n i t r i l e   was  u s e d   i n s t e a d   of  d i a z o -  

a c e t o n i t r i l e .  

As  t h e   r e s u l t ,   6 .3   of  4 - e t h y l - 5 - a m i n o - l , 2 , 3 - t h i a d i a -  

z o l e   was  o b t a i n e d .  

E x a m p l e   3 5 .  

An  e x p e r i m e n t   was  run   in   t h e   same  m a n n e r   as  i n  

E x a m p l e   26,  e x c e p t   t h a t   1 0 . 0   g.  ( 0 . 0 7   m o l e )   of   p h e n y l -  
d i a z o a c e t o n i t r i l e   was  u s e d   i n s t e a d   of  d i a z o a c e t o -  

n i t r i l e .  

As  t h e   r e s u l t ,   8 .6   g.  of   4 - p h e n y l - 5 - a m i n o - 1 , 2 , 3 -  

t h i a d i a z o l e   was  o b t a i n e d .  

E x a m p l e   3 6 .  

In  a  r e a c t o r   was  p l a c e d   a  s o l u t i o n   of  4 .7   g.  ( 0 . 0 7  

m o l e )   of  d i a z o a c e t o n i t r i l e   in   300  ml.   of   c a r b o n   t e t r a -  

c h l o r i d e .   W h i l e   t h e   s o l u t i o n   was  m a i n t a i n e d   a t  

a r o u n d   5°  C.  u n d e r   s t i r r i n g ,   t h e r e   was  a d d e d   d r o p w i s e  

a  s o l u t i o n   of   5 .5   g.  ( 0 . 0 7   m o l e )   of  a n h y d r o u s   s o d i u m  

s u l f i d e   in   50  wt%  e t h y l   a l c o h o l   o v e r   45  m i n u t e s .   T h e n ,  

t h e   r e a c t i o n   m i x t u r e   was  f u r t h e r   s t i r r e d   f o r   10  m i n u t e s .  

The  r e a c t i o n   p r o d u c t   was  s u b j e c t e d   to   f i l t r a t i o n ,   c o n -  

c e n t r a t i o n   and  e x t r a c t i o n   to   o b t a i n   5 - a m i n o - l , 2 , 3 -  

t h i a d i a z o l e .  

E x a m p l e s   3 7  -   4 1  

E x p e r i m e n t s   w e r e   r u n   in   t h e   same  m a n n e r   as  in   E x a m p l e  



36,  e x c e p t   t h a t   a q u e o u s   s o l u t i o n   of  v a r i o u s   i n o r g a n i c  

s a l t s   of  h y d r o g e n   s u l f i d e   w e r e   u s e d   i n s t e a d   of  t h e  

s o l u t i o n   of  a n h y d r o u s   s o d i u m   s u l f i d e   in   e t h y l   a l c o h o l .  

The  q u a n t i t i e s   of  w a t e r   u s e d   to   d i s s o l v e   t he   i n o r g a n i c  

s a t l s   we re   5  mi .   in   E x a m p l e s   37  and  38,  10  ml .   i n  

E x a m p l e s   39  and  40,  and  15  ml .   in   E x a m p l e   41.  T h e  

i n o r g a n i c   s a l t s   of  h y d r o g e n   s u l f i d e   e m p l o y e d ,   t h e  

q u a n t i t i e s   t h e r e o f   and  t h e   y i e l d s   of  5 - a m i n o - 1 , 2 , 3 -  

t h i a d i a z o l e   a r e   shown  in   t h e   f o l l o w i n g   T a b l e   4 .  

E x a m p l e   4 2 .  

In  a  r e a c t o r   was  p l a c e d   a  s o l u t i o n   of  4 . 7   g.  ( 0 . 0 7  

mole )   of  d i a z o a c e t o n i t r i l e   in   200  ml .   of  m e t h y l e n e  
c h l o r i d e .   W h i l e   t h e   s o l u t i o n   was  m a i n t a i n e d   a t   a b o u t  



3°  C.  u n d e r   s t i r r i n g ,   t h e r e   was  a d d e d   d r o p w i s e   10  m l .  

of   a  s o l u t i o n   of   4 . 1   g.  ( 0 . 0 7   m o l e )   of   a n h y d r o u s  

s o d i u m   h y d r o g e n   s u l f i d e   in   10  ml .   of  w a t e r   o v e r   30  

m i n u t e s .   The  r e a c t i o n   m i x t u r e   was  f u r t h e r   s t i r r e d  

f o r   10  m i n u t e s .   The  r e a c t i o n   p r o d u c t   was  s u b j e c t e d  

to   f i l t r a t i o n ,   c o n c e n t r a t i o n   and  e x t r a c t i o n   t o   o b t a i n  

4 . 1   g.  of  5 - a m i n o - l , 2 , 3 - t h i a d i a z o l e .  

E x a m p l e   4 3 .  

An  e x p e r i m e n t   was  r u n   in   t h e   same  m a n n e r   as  i n   E x a m p l e  

42,  e x c e p t   t h a t   6 .6   g.  ( 0 . 0 7   m o l e )   of  e t h y l d i a z o -  

a c e t o n i t r i l e   was  u s e d   i n s t e a d   of   d i a z o a c e t o n i t r i l e .  

As  t h e   r e s u l t ,   6 .0   g.   of   4 - e t h y l - 5 - a m i n o - l , 2 , 3 - t h i a d i a -  

z o l e   was  o b t a i n e d .  

E x a m p l e   4 4 .  

An  e x p e r i m e n t   was  r u n   in   t h e   same  m a n n e r   as  i n   E x a m p l e  

42,  e x c e p t   t h a t   1 0 . 0   g.  ( 0 . 0 7   m o l e )   of  p h e n y l - d i a z o -  

a c e t o n i t r i l e   was  u s e d   i n s t e a d   of  d i a z o a c e t o n i t r i l e .  

As  t h e   r e s u l t ,   8 . 1   g.  of   4 - p h e n y l - 5 - a m i n o - l , 2 , 3 -  

t h i a d i a z o l e   was  o b t a i n e d .  



1.  A  p r o c e s s   f o r   p r e p a r i n g   a  5 - a m i n o - l , 2 , 3 - t h i a d i a -  

z o l e   r e p r e s e n t e d   by  t h e   f o r m u l a  

w h e r e i n   R  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  l o w e r  

a l k y l   g r o u p   or   an  a r y l   g r o u p ,  

c h a r a c t e r i z e d   in   t h a t   a  d i a z o a c e t o n i t r i l e  
r e p r e s e n t e d   by  t h e   f o r m u l a  

w h e r e i n   R  has   t h e   same  m e a n i n g   as  d e f i n e d   a b o v e ,  

i s   b r o u g h t   i n t o   c o n t a c t   w i t h   h y d r o g e n   s u l f i d e   i n  

t h e   p r e s e n c e   of   a  b a s e   or   w i t h   a  s a l t   of  h y d r o g e n  

s u l f i d e ,   in   a  s o l v e n t .  

2.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1  w h e r e i n   s a i d  

s o l v e n t   i s   m e t h y l e n e   c h l o r i d e ,   e t h e r ,   c h l o r o f o r m   o r  

n - h e x a n e .  

3.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1  w h e r e i n   s a i d   b a s e  

i s   an  o r g a n i c   b a s e .  

4.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   3  w h e r e i n   s a i d   b a s e  

i s   an  a m i n e   s e r i e s   c o m p o u n d .  

5.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   4  w h e r e i n   s a i d   a m i n e  

s e r i e s   c o m p o u n d   i s   d i m e t h y l   a m i n e ,   d i e t h y l   a m i n e ,  



d i b u t y l   a m i n e ,   t r i m e t h y l   a m i n e ,   t r i e t h y l   a m i n e   o r  

t r i b u t y l   a m i n e .  

6.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   s a i d   b a s e  

i s   an  i n o r g a n i c   b a s e .  

7.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   6  w h e r e i n   s a i d   b a s e  

i s   s o d i u m   h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e ,   a m m o n i a ,  

s o d i u m   m e t h o x i d e   or  s o d i u m   e t h o x i d e .  

8.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n   s a i d  

s a l t   of  h y d r o g e n   s u l f i d e   i s   a  s a l t   b e t w e e n   h y d r o g e n  

s u l f i d e   and  an  o r g a n i c   b a s e .  

9.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1,  w h e r e i n   s a i d  

s a l t   of  h y d r o g e n   s u l f i d e   i s   a  s a l t   b e t w e e n   h y d r o g e n  

s u l f i d e   and  an  i n o r g a n i c   b a s e .  

10.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d  

r e a c t i o n   i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of  -5  t o  

15°  C .  
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